The differential flow method (DFM) test equipment was newly developed to measure the pore size distribution (PSD) of filter having relatively large pore size like nonwoven fibrous filter. The applicability of this equipment was investigated by using the Nuclepore membrane filters (PC membranes) having different pore size of 0.4, 0.8, 1.2 and 2.0um and the stainless steel nonwoven fibrous filter having different fiber diameter and filter porosity. The fiber diameters of stainless steel were 2, 4 and 8um and the range of filter porosity was 0.6-0.85. The PSD of PC membranes measured by DFM almost agreed with that measured by SEM observation and the mean flow pore size measured by DFM also agreed with the nominal one . The PSD was not influenced by the kind of wetting liquids used here, i.e. ethylene glycol , IPA and PorofilTM. The PSD of nonwoven fibrous filter depended on the kind of wetting liquids, although the maximum pore size evaluated by the bubble point was not influenced by them. The mean flow pore size measured by DFM in the nonwoven fibrous filter almost agreed with the mean pore size measured by liquid permeation method .
For the characterization of filter media, the bubble point test, the liquid permeation test and the particle challenge test are used frequently for the measurements of the maximum pore size, mean flow diameter and actual retention performance, respectively. In our previous paper, the mean pore size of stainless steel nonwoven fibrous filter, its maximum pore size and the mean distance between fibers in the cross section of filter were correlated with the filter porosity and the fibers diameter 1). However, the pore size distribution (PSD) has not been measured. Differential flow method (DFM) and mercury intrusion method 6) are used for the PSD measurement of filter media. DFM is based on the same principle as the bubble point test 2, 4, 5) , that is, the sample filter is wetted with a wetting liquid thoroughly and the pressurized gas (air or N2) is applied to the wetted filter. If the applied gas pressure is higher than the bubble point of a pore, the gas flows through the pore which corresponds to the dynamic flow path of the liquid. The PSD based on the pore number can be calculated from the relationship between the gas flow rate and the applied pressure.
On the other hand, the PSD based on a vacant volume inside the filter can be measured by the mercury intrusion method. Tao
Li measured the PSD of nonwoven stainless steel fibrous filters by DFM, and demonstrated the effect of basis weight on the PSD 3). A large volume flow rate of pressurized gas is required when using DFM, if the sample filter has a large pore size.
However, commercially available equipment designed for membrane filters having smaller size does not satisfy this requirement. We tried to measure the PSD of nonwoven fibrous filter having large pore size by using the same commercial DFM equipment used by Tao Li. However, we could not measure it owing to the small gas flow rate. Also, the fluorocarbon used as wetting liquid is limited to use now.
Therefore, we developed the simple equipment for DFM to measure the PSD of nonwoven fibrous filter which has relatively large pore size using three kinds of wetting liquid including fluorocarbon. In this report, the performance of newly developed DFM test equipment was investigated.
Theory
Pressurized gas is introduced to the surface of pre-wetted filter medium, and the pressure is increased gradually. When the gas pressure becomes larger enough to overcome the capillary suction pressure of the largest pore, the gas can penetrate into the pore and push the wetting liquid out. The pore size D is calculated from the gas pressure P by Eq.(1),
assumed to be unity. The pressure at which the gas starts to flow through the pore is called a bubble point, and the pore size at the bubble point is defined as the maximum pore size of sample filter. When the pressure is further increased, the gas flows through smaller pores. The test of DFM using the pre-wetted filter media is called a wet flow test. After the wet flow test, the dry flow test is done using the dry filter medium in an identical manner.
The PSD is calculated by comparing the results obtained at the wet flow test and the dry one. In the actual measurement, the gas pressure is increased stepwisely because it takes a certain time for the pressure to become stable. After the pressure becomes to be almost constant, the gas flow rate at that pressure is measured. The differential flow rate and the number of the pores at Pk of step k are calculated from Eqs. (2) and (3), respectively. The detail of calculations is descried in appendix.
(2) Fig.1 Relationship between gas pressure and flow rate.
where DRk and Nk are the differential flow rate and the number of pores that have a diameter of Dk cor responding to Pk at k step, respectively. C is a con stant. The relationship between the gas pressure and the flow rate is schematically shown in Fig.1 .
The cumulative number distribution of pores is cal culated from the summation of Nk, and the mean flow pore size is calculated from the pressure at which the ratio of wet flow rate to dry one becomes to be 0.5.
Experimental

Equipment and test method
The flow diagram of DFM test equipment is shown in Fig. 2 As for the effect of wetting liquid, there was also no difference in measured PSD when using EG, IPA or Porofil. 
Conclusion
The DFM test equipment was newly developed to measure the PSD of filter having relatively large pore size like nonwoven fibrous filter. The applicability of this equipment was investigated by using the PC membranes and the stainless steel nonwoven fibrous filter.
The following results were obtained; where Ni is a number of pores having a diameter of Di per unit filter area, and A is a filter area.
On the other hand, as the gas passes through the pores that have the bubble point Pk or less in the wet filter, the gas flow rate at a wet filter per unit filter area at Pk, i.e. uWF is shown in Eq.
(A-3);
The ratio of wet flow rate to dry one, Rk, in k step (i.e. at Pk) is
To obtain the number of pores where the gas begins to pass in k step , the difference between
Rk-1 at k-1 step and Rk+1 at k+1 step is taken and divide by 2.
passing through the pores that have a pore size Dk. Moreover, if this value is divided by Dk4, the pore number is calculated. The denominator at the right of the equation (A-5) becomes a constant C.
If this calculation is repeatedly done at each step, the differential flow distribution and the pore number distribution are obtained.
